We studied pre-and postnatal changes in total creatine kinase (CK) activity, mitochondrial creatine kinase (Mi-CK) activity and immunochemical reactivity with anti-Mi-CK antibodies in skeletal muscle specimens from 12 infants, 10 of them preterm born, after a pregnancy varying between 28 and 40 weeks. Our results demonstrate that Mi-CK is present in fetal human quadriceps muscle and that the specific activity of Mi-CK increases during prenatal development from week 28 to 40 by a factor about two. Generally, adult levels have not been reached at birth, indicating a further postnatal increase of the activity of the enzyme. The Mi-CK protein content also increases during prenatal development. These results suggest that in human skeletal muscle the expression and accumulation of Mi-CK starts at mid-gestation, later than is known to occur for cytosolic CK.
Five different isoenzymes of CK are currently known; MM-CK, MB-CK and BB-CK are three non-mitochondrial cytosolic isoenzymes, which are dimers comprising a combination of two different enzyme subunits, the M or muscle type and the B or brain type subunit. 1 Most of these cytosolic isoenzymes are soluble, but a small percentage may be compartmentalized subcellularly at sites of high ATP-turnover. In muscle, for example, MM-CK has been found both free and in association with the myofibrillar M-line. 2 In mature human skeletal muscle the relative percentages of the various cytoplasmic isoenzymes are: 96-100010 MM-CK, 0-3% MB-CK and 0-1 % BB-CK. 3 
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showed that skeletal muscle of an II-l2-week-old human female fetus already contained BB-, MB-and MM-CK. During skeletal muscle development an isoenzyme transition from BB-CK to MM-CK takes place." Immunohistochemically it has been demonstrated that in human skeletal muscle a switch from BB-CK to MM-CK takes place around week 8 of development. 6 To our knowledge no data is available about the prenatal development in skeletal muscle of the other type of CK; that is mitochondrial creatine kinase (Mi-CK) which in adult human quadriceps muscle amount to 0'9% of total CK. 7 We studied muscle biopsies of preterm and term born infants to examine if there are changes of Mi-CK expression and accumulation during preand postnatal development as has been shown for other enzymes involved in skeletal muscle energy metabolism.!
CLINICAL DATA
Muscle tissue (m. quadriceps) was removed within 1 h post mortem from ten preterm born infants (four females; six males) and two term born infants (two males) with the informed consent of the parents. The gestational age varied between 28 and 36 weeks in the preterm born infants; their weights at birth were 460-3350 g. The infants died within the first 6 days of life.
One infant died from septic shock, all others died from cardiorespiratory failure. Six infants suffered from a congenital disorder, i.e., triploidie, hernia of diaphragm (two infants), congenital heart disease (aorta ascendens hypoplasia), hydrops fetalis, and single arteria umbilicalis. Anatomical examination of the brain showed signs of intracerebral haemorrhage in four infants. Three infants had normal anatomy. The patient with the triploidie showed an aplasia of the left n. olfactorius. No examination of the brain was performed in the other five cases.
None of the infants showed clinical signs of a neuromuscular disorder.
MATERIALS AND METHODS

Preparation of muscle homogenates
Muscle samples were either immediately frozen in liquid nitrogen and stored at -70°C or immediately homogenized and stored at -70°C. Muscle homogenates (10070 w/v) were prepared according to Fischer et al. 9 Cytochrome c oxidase activity was measured according to Cooperstein and Lazarow'? and citrate synthase activity according to Srere.!' Protein was determined by the method of Lowry et al. 12 Electrophoresis of CK-isoenzymes Electrophoresis and detection of the CK isoenzymes, using the agar gel overlay technique, was performed, with slight modifications, as described by Harm et al. 13 The homogenate was five times diluted with a 30 mmollL sodium phosphate buffer (pH 7· 4) containing o· 2 mmollL phenylmethanesulfonyl fluoride, O·2 mmollL dithiothreitol and 0·05070 Triton X-loo (v/v) to extract Mi-CK. After a 1 h incubation (room temperature) and centrifugation at 40000 x g (30 min; 4°C) the supernatant (sup. 1) was used for electrophoresis. Six microlitres of sup. 1 was applied to a cellulose acetate strip for electrophoresis. Detection of the CK isoenzymes with nitro blue tetrazolium was performed in the presence of a final concentration of 10 JLmollL diadenosine pentaphosphate to inhibit adenylate kinase activity. Analysis of the amounts of Mi-CK protein Sup. 1 of the same muscles as used for electrophoresis was analysed by immunochemical methods. Sodium dodecyl sulphate (SDS)polyacrylamide gel electrophoresis was performed on a 10070 gel in the Mini-protein two system (Biorad, Richmond, USA) using the buffer system as described by Laemmli." The separated proteins (12,5 iLg protein) were transferred to nitrocellulose membranes essentially as described by Towbin et al. 16 Proteins were stained with Ponceau S (Sigma Chemical Co., St Louis, Missouri, USA). The nitrocellulose membranes were washed and incubated with a specific polyclonal rabbit anti-chicken Mi-CK. 17 Antigen-antibody complexes were detected using alkaline phosphatase labelled porcine antirabbit serum as second ligand and nitroblue tetrazolium as substrate. Finally, the immunoblots were scanned with a laser densitometer (Ultrascan XL, Pharmacia/LKB Uppsala, Sweden). Table 1 contains the various enzyme activities measured in the first six days after birth compared with those measured in an older reference group of 19 persons." Using a multiple linear regression analysis with gestational age and postnatal age as explanatory variables no dependency of the latter age could be established (P>O·lO). Therefore we proceeded with simple linear regression based on gestational age.
RESULTS
The specific activity of total CK showed a clear developmental increase with duration of pregnancy (P= 0'001; Fig. 1 ). Electrophoresis of the CK isoenzymes showed that with increasing gestational age the content of BB-CK decreased and that of MM-CK increased (Fig. 2) . Mi-CK activity was not detected with this technique before week 29 of gestation. It should be noted that only one Mi-CK band could be detected by cellulose polyacetate electrophoresis (Fig. 2) .
The specific activity of Mi-CK also showed a developmental increase with increasing gestational age (P=0·OO2; Fig. 1 ). Neither Mi-CK expressed relative to citrate synthase, a soluble mitochondrial marker enzyme, nor Mi-CK expressed relative to cytochrome c oxidase, a membrane bound mitochondrial marker enzyme, showed a developmental increase with gestational age (P=0'15 and 0'34, respectively).
Immunoblot experiments appeared to show an increase in Mi-CK protein with gestational progress (Fig. 3 ). Despite the low number of measurements linear regression analysis of the densitometric results approached statistical significance (P = 0 . 08).
DISCUSSION
The purpose of this investigation was to study the developmental expression and activity of total CK and Mi-CK during pre-and postnatal development in human skeletal muscle. A prenatal increase in both activities has been reported for sheep heart." Data about the developmental changes of Mi-CK activity in skeletal muscle are of importance both for understanding the physiological role of this enzyme in energy metabolism and also for the interpretation of results from infants suspected to suffer from a mitochondrial myopathy. Mi-CK deficiency may explain the disturbed pyruvate oxidation rate found in a substantial percentage of infants and adults for the decreased substrate We were unable to evaluate Mi-CK and total CK specific activity related to age in days after birth because the postnatal lifespan hardly varied in our group of infants.
To reach average adult levels (mean ± SD = 240 ±88) the Mi-CK activity in mU per mg protein (118 ±44) has to increase by a factor 2 after birth (Table 1) . A comparable increase of Mi-CK was found between the 28th and 40th week of pregnancy ( Fig. I) . Thus, on average, Mi-CK increases in m. quadriceps by a factor of about four from the 28th week of pregnancy to adulthood.
Immunoblot studies of Mi-CK with a polyclonal rabbit anti-chicken Mi-CK antibody showed a prenatal increase in the Mi-CK protein content (Fig. 3) . Thus, the increase in Mi-CK activity during gestation appears to be parallelled by a rise in Mi-CK protein. Cytochrome c oxidase, a membrane bound enzyme like Mi-CK, shows a similar prenatal development to Mi-CK.
The prenatal increase in total CK activity can not be explained by the observed increase in Mi-CK activity since the proportion of Mi-CK relative to the total CK activity is small. The major contribution to this increase is due to a developmental increaseofthe MM-CK isoenzyme,the most abundant CK isoenzyme in skeletal muscle, as could be shown with the agar gel overlay technique after cellulose polyacetate electrophoresis (Fig. 2) .
In conclusion, these data provide an insight into the maturation of Mi-CK and so extend our knowledge of human skeletal muscle energy metabolism in neonates. They also provide a baseline for the correct interpretation of results from patients suspected to suffer from a mitochondrial myopathy.
